Synthesis and structural characterization of 3,4-dihydroxyphenyl ethanethiol (DHPET, 1).
Step I, . To a solution of 2-(3,4 -dimetoxyphenyl)ethanol (1. 5 g, 8.24 mmol) in dry tetrahydrofuran (THF, 42 mL) methanesulfonyl chloride (MsCl, 1.55 mL, 21.3 mmol) and triethylamine (Et3N, 2.51 mL) were added dropwise under N2 atmosphere. The reaction mixture was stirred at r.t. for 2 h. Potassium thioacetate (3 g, 26.3 mmol) was dissolved in dry DMF (36 mL). The latter solution was slowly added to the reaction mixture. After 4 h, the solvent was evaporated under reduced pressure and extracted (water/ethyl acetate), the combined organic layers were dried over anhydrous Na2SO4, evaporated and purified by flash silica chromatography (hexane:ethyl acetate 9:1). The desired product (1a) was obtained as a brown oil (1.72 g, 87 % yield). Step II, . To a solution of 1a (1. 53 g, 5 .88 mmol) in CH2Cl2 (24 mL) a 1 M solution of BBr3 in CH2Cl2 (32 mL) was slowly added under N2 atmosphere at -5 °C. After 6 h, the reaction mixture was extracted with water.
The combined organic layers were dried over anhydrous Na2SO4 and evaporated to give 1b (1.0 g, yield >> 99%). No further purification was needed. Step III, 1) . To a solution of 1b (1.0 g, 5.85 mmol) in CH3OH (90 mL) 12 M HCl was added (50 drops). The mixture was left under stirring overnight under reflux. After 12 h, the solvent was evaporated under S3 reduced pressure and the reaction extracted by water/ethyl acetate. DHPET was recovered without further purification as a brown oil (0.9 g, yield = 90%).
(1): 1 H NMR (360 MHz, CDCl3) δ 6.80 (d, J = 8.0 Hz, H-6), 6.77 (s, H-2), 6.73 (d, J = 8.0 Hz, H-5), 2.98 (t, J = 6.8 Hz, H-7), 2.85 (t, J = 6.8 Hz, H-8). 13 C NMR (91 MHz, CDCl3) δ 149.0 (C-3), 148.1 (C-4), 131.0 (C-1), 121.0 (C-6), 120.9 (C-2), 112.2 (C-5), 38.7 (C-7), 35.2 (C-8).
Synthesis and structural characterization of 5,6-dihydrobenzo [b] thiophene (DHBT, 8).
Step I, . To a solution of benzyl bromide (1.26 g, 7.4mmol) in Acetone (20 mL) potassium thioacetate (0.9 g, 7.88 mmol) was added . The reaction mixture was heated at reflux for 2h, evaporated and extracted with ethyl acetate, the combined organic layers were dried over anhydrous Na2SO4 and evaporated, affording 4 as a colourless oil (1.20 g, 99%). Step IIa and IIb, . To a solution of 2-(3,4 -dimetoxyphenyl)ethanol (1.5 g, 8.24 mmol) in CH2Cl2 (20 mL) at 0 °C pyridine (0.73 mL, 9.06 mmol) and methanesulfonyl chloride (0.66 mL, 9.06 mmol) were added. The reaction mixture was stirred at rt for 12 h, poured into 5% aqueous HCl (12 mL), and extracted with CH2Cl2, the combined organic layer was dried over anhydrous Na2SO4, evaporated and used without further purification for the next step of the synthesis (yield: 85%).
5a
1 H NMR (360 MHz, CDCl3) δ 6.80 (d, J = 8.0 Hz, H-6), 6.77 (s, H-2), 6.73 (s, H-5), 4.37 (t, J = 6.9 Hz, H-8), 3.86 (s, H-10), 3.84 (s,H-9), 2.98 (t, J = 6.8 Hz, H-7), 2.85 (s, H-11). 13 C NMR (91
S4
MHz, CDCl3) δ 149.0 (C-3), 148.0 (C-4), 131.0 (C-1), 121.0 (C-6), 112.2 (C-5), 112.1 (C-2), 70.52 (C-8), 55.9 (C-10), 55.8 (C-9), 37.3 (C-11), 35.2 (C-7).
Subsequently, to a solution of 5a (2.0 g, 7.83mmol) in acetone, NaI (1.76 g, 11.7 mmol) was added. The mixture was heated at reflux overnight, cooled, and evaporated. The oily mixture was then extracted with water/CH2Cl2, the combined organic layers were dried over anhydrous Na2SO4 and evaporated. Flash chromatography of the crude mixture, with Hexane: Ethyl Acetate 9:1 as eluting system, afforded 1.39 g (61%) of 5 as a pale yellow oil. Step III, Synthesis of benzyl (3,4-dimethoxyphenethyl)sulfane (6) . To a solution of 5 (1.2 g, 4.1 mmol) in MeOH (20 mL) at 0 °C, 0.5 M NaOH in MeOH (10 mL) was slowly added and then a solution of 4 (0.68 g, 4.1 mmol) in MeOH (10 mL). The reaction mixture was stirred at room temperature for 24 h, poured into water, and extracted with CH2Cl2, and the combined organic layers were dried over anhydrous Na2SO4 and evaporated. Flash chromatography of the crude mixture with Hexane: Ethyl Acetate 9:1 as eluting system, afforded 0.98 g (85%) of 6 as a colorless oil.
6

S5
Step IVa and IV, Synthesis of 2, . A DCM (66 mL) mixture of PIFA and BF3-Et2O was added dropwise to a solution of 6 (0.95 g, 3.3 momol) in DCM (95 mL) at -78 °C under N2. The reaction was stirred for 20 minutes, then quenched with MeNH2 (40%), stirred for 30 minutes and acidified with HCl 10% until pH 6.5. The mixture was extracted with CH2Cl2 and purified by flash chromatography using Hexane : Ethyl acetate 9:1 as eluting system affording to 0.4 g (63%) of 5,6-dimethoxy-2,3-dihydrobenzo [b] thiophene (7a) as a white solid. In the next reaction, BBr3 (5 mL) was added dropwise to a solution of 7a (0.17 g, 0.89 mmol) in DCM (4 mL), at 0 °C and under N2 atmosphere. After 90 minutes, the reaction mixture was evaporated and extracted with H2O/Diethyl Ether affording to 0.13 mg (90%) of 7 as a white solid. Figure S2 . 13 C NMR spectrum of 7
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Synthesis of 5,6-dihyroxy [b] 
benzothiophene (8, DHBT).
H2-DHBT (100 mg, 0.6 mmol) was dissolved in MeOH (1 mL) then 60 mL of the proper buffer were added: 0.05 M carbonate buffer pH 9 (O2 mediated oxidation) or 0.05 M phosphate buffer pH 7.7 when the oxidation was performed under argon atmosphere by K3[Fe(CN)6] (2 molar eq.). Suddenly, the reaction mixture turned deep red and slowly faded to almost colorless. After 24h or 30 min, the reaction was extracted with ethyl acetate, the organic layers dried over anidrous Na2SO4. DHBT (8) was recovered as a white solid without further purification (yield: 75% or 90%). Figure S11 . MS-analysis of fraction 1 (compound 2), left; and fraction 2 (compound 3), Middle) ESI + LC-MS spectrum of the peak with Rt= 14 min corresponding to DABT.
Bottom) ESI + LC-MS spectrum of the peak with Rt= 27, 31 or 36 min corresponding to three isomeric dimers with the same m/z = 521.
S16
Figure S13. MALDI-MS spectrum of fraction I (mixture of acetylated dimers of DHBT).
6.3 6.5 6.7 6.9 7.1 7.3 7.5 7.7 7.9 8.1 8.3 8.5 f1 (ppm) Table S4 . Relative stabilities of different positional isomers of the first-formed dimeric products arising from coupling of two DHBT semiquinones, one of them being in anionic form. 
4,7'
4 of 5-yl semiquinone on 7 of semiquinone anion 7 of 6-yl semiquinone on 4 of semiquinone anion 2.14 0.43 7,7' 7 of 6-yl semiquinone on 7 of semiquinone anion 3.04 Table S5 . Conformational exploration of the first-formed dimeric products arising from coupling of two neutral DHBT semiquinones. 
4 of 5-yl semiquinone on 7 of 6-yl semiquinone -57.8 -1711.763533 -1711.517944 -1711.583487 -1711.770518 -1711.590472 0.93 57.5 -1711.749126 -1711.503338 -1711.568657 -1711.756854 -1711.576385 9.77 159.8 -1711.762284 -1711.516650 -1711.582714 -1711.768427 -1711.588857 1.94 -82.7 -1711.762354 -1711.516892 -1711.583125 -1711.769115 -1711.589886 1.30 80.9 -1711.757339 -1711.511810 -1711.577750 -1711.765092 -1711.585503 4.05 61.5 -1711.758868 -1711.513127 -1711.577599 -1711.766462 -1711.585193 4.24 174.8 -1711.721840 -1711.476769 -1711.542852 -1711.729006 -1711.550018 26.32 175.6 -1711.750190 -1711.504445 -1711.570461 -1711.757315 -1711.577586 9.02 7,7' 7 of 6-yl semiquinone on 7 of 6-yl semiquinone dl -49.8 -1711 .761005 -1711 .515523 -1711 .581153 -1711 .767112 -1711 .587260 2.95 C2 47.2 -1711 .747687 -1711 .501791 -1711 .566535 -1711 .755185 -1711 .574033 11.25 C2 175.3 -1711 .757455 -1711 .511636 -1711 .575550 -1711 .764512 -1711 .582607 5.87 C2 149.0 -1711 .755630 -1711 .510181 -1711 .575462 -1711 .762502 -1711 .582334 6.04 meso -70.1 -1711 .761942 -1711 .516269 -1711 .581675 -1711 .768192 -1711 .587925 2.53 Ci 180.0 -1711 .746727 -1711 .501021 -1711 .567503 -1711 .753420 -1711 .574196 11.14 Ci 180.0 -1711 .721743 saddle point -1711 [a] C1 if not specified. 4 -1711.285552 -1711.053811 -1711.119599 -1711.298486 -1711.132533 0.40 -160.9 -1711.284864 -1711.052958 -1711.118677 -1711.297147 -1711.130960 1.39
RR
RS
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2,7'
2 of 6-yl semiquinone on 7 of semiquinone anion -61.2 -1711.277483 -1711.045458 -1711.111641 -1711.289790 -1711.123948 5.79 56.4 -1711.282640 -1711.050826 -1711.116856 -1711.295639 -1711.129855 2.08 -170. 8 -1711.281480 -1711.049511 -1711.114846 -1711.292991 -1711.126357 4.28 -66.9 -1711.276233 -1711.044211 -1711.110155 -1711.289456 -1711.123378 6.15 -64.5 -1711.276204 saddle point -1711.289396 56.3 -1711.283909 -1711.052062 -1711.117981 -1711.296758 -1711.130830 1. 47 -169.6 -1711.278853 -1711.046871 -1711.112773 -1711.291933 -1711.125853 4.59
RR
RS
MeOH (1 mL), then the proper buffer was added (0.05 M carbonate buffer pH 9, 30 mL). A solution of K3[Fe(CN)6] (3 molar equivalent, 99 mg) in water was added. Suddenly, the reaction mixture turned deep red, then purple while a light grey solid separated from the aqueous media. The solid was recovered by centrifugation (7000 rpm, 4° C, 15 min), extensively washed with water (3 x 5 mL) and MeOH (2 x 3 mL), and then lyophilized.
Thiomelanin was recovered as a greyish amorphous solid (yield: 35 mg, 70% w/w). 
